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Current transformers play an important role in the power system, because they 
allow controlling the parameters of the transmitted electricity, and install relay pro-
tection and automation devices in power transmission lines. 
As in any other device, current transformers have losses. Because of this, not 
all of the primary current is transformed into a secondary circuit. These losses cause 
the current error. In addition, the current flowing in the secondary circuit is somewhat 
shifted to the phase relative to the primary current, which causes the angular error of 
the current transformer. 
Basically, the losses depend on the state of the magnetic circuit of the trans-
former. While the iron core is not saturated, a directly proportional relationship exists 
between the primary and secondary currents. If an increase in the primary current, the 
degree of iron saturation of the magnetic circuit increases and the characteristic be-
gins to deviate from the straight line. At the same time, as the load of the secondary 
circuit increases, the degree of change in the characteristic increases. 
In Figure 1: 1-ideal characteristic, 2-real curve for the nominal load of the sec-
ondary circuit Z1n, 3-real curve for a larger load of the secondary circuit Z1> Z1nom 
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Fig. 1. Dependence of the secondary current on the primary in the CTs 
Under the transition (dynamic, non-stationary) process or regime in electrical 
circuits is understood the process of transition of a chain from one steady state 
(mode) to another. Transient processes occur during any changes in the electrical cir-
cuit: when connecting and disconnecting the circuit, when the load changes, when 
emergency conditions occur (short circuit, wire break, etc.). 
 
Fig. 2. Waveform of a short circuit current on a transmission line 
The working conditions of the CTs in protection and automation devices differ 
significantly from the operating conditions in the measurement schemes. Current 
transformers intended for measurement have a certain accuracy class and operate in 
steady state mode with a primary current not exceeding the rated current. In relay 
protection and automation devices, current transformers must perform their functions 
at currents significantly higher than rated currents under transient conditions. 
A special effect on the operation of the current transformer is provided by the 
aperiodic component of the primary current appearing in the transient mode. It is 
transformed into a secondary circuit of the transformer with a greater error, the slow-
er they decay. In other words, as the decay time increases, an increasing proportion of 
the aperiodic component of the primary current is expended on magnetizing the cur-
rent transformer magnetic circuit. Features at short circuits near to tires of powerful 
power stations. 
Along with this, the permissible response time of relay protection and automa-
tion devices is reduced. Consequently, at the moment of operation of these devices, 
the aperiodic component of the magnetizing current is many times greater than its pe-
riodic component. 
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All this leads to the fact that the closed steel magnetic cores of current trans-
formers are subject to strong saturation with aperiodic current components and, con-
sequently, to a sharp decrease in their magnetic permeability. This leads to an unac-
ceptable increase in the errors of such current transformers in transient modes. Partic-
ularly large errors occur when a residual magnetic flux of the aperiodic component of 
the magnetizing current is retained in the magnetic circuit of the current transformer. 
It should be borne in mind that it is much more difficult to provide the neces-
sary accuracy of the operation of СTs in transient regimes than in established ones. 
To improve the performance characteristics of CTs in steady-state and transient 
modes allows the use of new methods for constructing CTs (for example, optoelec-
tronic CTs), and by using the following methods of limiting errors: 
 creating paths for the aperiodic component of the primary current in addi-
tion to the CT magnetization branch; 
 increasing the magnetic permeability of the magnetic circuit in saturation 
mode; 
 elimination or reduction of residual induction in the magnetic circuit; 
 Limiting the maximum working induction in the CT magnetic core and re-
ducing the magnetic permeability. 
In the transient process, the transformer begins to operate in saturation mode, 
i.e. When the magnetizing current grows much faster than the working magnetic flux. 
There are several ways to combat the residual magnetization of the core, as with one 
of the main causes of saturation. 
One of the methods is the use of current transformers with cores without steel 
having linear properties. But the use of such current transformers can be very limited, 
due to the low power of the secondary windings. The second method (the most com-
mon) is the production of cores made of electrical steel having non-magnetic gaps. 
This method, in comparison with the use of cores without steel, allows the construc-
tion of smaller cores. However, in Russia, current transformers with such cores have 
not been manufactured and are not manufactured. 
 
ВОПРОСЫ ВНЕДРЕНИЯ МИКРОПРОЦЕССОРНЫХ УСТРОЙСТВ 
РЕЛЕЙНОЙ ЗАЩИТЫ 
 
Р.С. Атакишиев 
Томский политехнический университет 
ЭНИН, ЭЭС, группа 5АМ6Б 
 
Внедрение микропроцессорных устройств релейной защиты (МУРЗ) в 
настоящее время вызывает ряд вопросов у специалистов, работающих в обла-
сти энергетики. 
Несмотря на то, что МУРЗ обладают огромными преимуществами по 
сравнению с, например, электромеханическими защитами, также существуют и 
проблемы при их внедрении и использовании. В частности, в [1] отмечается, 
что реконструкция релейной защиты и автоматики уже существующего объекта 
занимает довольно продолжительное время. Кроме того, в этот период, созда-
